BACKGROUND: Bone densitometry (e.g., dual-energy Xray absorptiometry or BDXA^) is strongly associated with osteoporosis treatment; however, rates of DXA are low. While studies have demonstrated a continued need for primary care provider education on the role of DXA in preventive care, little is known about the role of patient attitudes toward DXA. This review's purpose is to synthesize the evidence about the effects of patient perceptions and experiences of DXA on osteoporosis prevention. METHODS: A metasynthesis was conducted of English language, peer-reviewed publications, searching relevant databases: MEDLINE, CINAHL, Web of Science Social Science Citation Index, PsycINFO, and Sociological Abstracts. Identified articles' quality was appraised using the Critical Appraisal Skills Programme (CASP) Qualitative Checklist, and an iterative process of data evaluation, integration, and synthesis was used to develop the findings. RESULTS: Thirteen articles from ten studies were identified, composing an aggregated sample of 265 people (231 women). Participant attitudes toward screening ranged from receptive to ambivalent to concerned about results. Participants' understandings of DXA and its role in clinical care were limited. Knowledge of osteoporosis was also partial and influenced by lay sources, the media, and health care providers. Primary care providers strongly influenced participant behavior, especially if participants had a more passive approach to health care. Participants reported less concern about expected barriers of health care access and cost. CONCLUSION: Minimal knowledge exists of patient perceptions and experiences of DXA among those who are fracture naïve: Prior research has focused primarily on secondary fracture prevention contexts. Our metasynthesis reveals patients' significant reliance, given their limited risk appraisal and knowledge, upon primary care providers in decision-making. We urge colleagues to conduct qualitative research on DXA barriers among general primary care population in order to facilitate health care delivery systems better equipped to diagnose and treat patients before their first fracture.
INTRODUCTION
Osteoporosis and its fracture-related sequelae are associated with significant societal costs from mortality, medications, emergency department visits, inpatient care, orthopedic surgery, rehabilitation, and outpatient care. [1] [2] [3] In the USA, osteoporotic fractures resulted in 4.9 million hospitalizations between 2000 and 2011 among women over 55 years of age 4 and, in 2005, cost an estimated 16.9 billion USD. 3 Osteoporosis's individual costs are also notable: In addition to chronic pain and spinal deformation, the fear of falling causes patients considerable psychosocial distress. 5 Given current global demographic trends of an aging population, 3 identification of atrisk individuals, especially before they experience a fracture, presents an opportunity for significant cost savings and reduction in suffering. 6, 7 Early identification of those with or at risk of developing osteoporosis through bone mineral densitometry (i.e., dual-energy X-ray absorptiometry, BDXA^) can lead to subsequent intervention to prevent fractures. 8 Despite its considerable burdens, osteoporosis is a persistently underdiagnosed and undertreated condition, particularly among men, prompting some to decry osteoporosis care and treatment as Bin crisis.^9 -11 DXA is underutilized, despite being a widely available, low-cost, and non-invasive diagnostic tool that requires a short office visit. 8, 12 DXA underutilization is concerning because of both its critical role in prefracture assessment and its importance to clinical decisionmaking tools for treatment such as the WHO Fracture Risk Assessment Tool (FRAX). 13 Interventions to improve osteoporosis identification and treatment have primarily targeted the post-fracture health care delivery system, reflecting both opportunities to leverage fractures as a teachable moment for patients with high fracture risk and a recognition of gaps in primary care provider osteoporosis knowledge. [14] [15] [16] [17] [18] [19] [20] Fracture liaison services, in particular, have shown success in facilitating post-fracture care management. [21] [22] [23] However, successful systems must include not only these services, but also primary care providers identifying at-risk patients and referring them for DXA and patients who are receptive. Recent reviews, detailing the range of qualitative work on patient experience of osteoporosis, 24 its diagnosis, 25 and patients' perceived health care needs, 26 elucidate the experience of living with osteoporosis and offer insight for, especially, post-diagnostic, post-fracture intervention. To design effective bone health care delivery systems, however, it is critical that we also understand patient decision-making processes around DXA. Thus, in the current study, we report on a qualitative metasynthesis of the research examining patient perceptions and experiences of DXA.
METHODS
We conducted a metasynthesis, which is an integrative approach to systematic reviews of qualitative research. The strength of metasynthesis lies in reviewers' ability to both analyze the empirical findings of studies and critically examine the context in which studies were produced. [27] [28] [29] [30] We followed the ENTREQ protocol for conducting all steps of the review, a standard protocol for reviews of qualitative research. 31 See Appendix 1 (online).
Search Strategy
The search protocol was developed in collaboration with a health sciences librarian trained in systematic review methodology (HH) who executed the search in the following databases: MEDLINE (Ovid platform), CINAHL (EBSCO platform), Web of Science Social Science Citation Index, PsycINFO (EBSCO platform), and Sociological Abstracts (ProQuest platform). Validated, hybrid qualitative filters were applied to the MEDLINE, CINAHL, and Social Science Citation Index search strategies. 32 Adjustments to the filters were made where needed to reflect current indexing. Results were limited to English language publications between January 1998 and March 2017 to identify only those studies published after the 1998 National Osteoporosis Foundation's guidelines for bone densitometry. 33 Search results were updated in November 2017 prior to the final analysis. The MEDLINE search is available in Appendix 2 (online). Other database search strategies are available upon request.
A summary of the search results by database and final selection criteria is presented in Fig. 1 . After deduplication by the librarian, the research team (TD, AS, SS, MS) screened articles using a two-stage process to apply criteria developed from the research question. Inclusion criteria were (1) original research or quality improvement, (2) qualitative data, (3) focus on osteopenia and/or osteoporosis AND also address bone densitometry, and (4) subjects were ages 40 and older. The age of 40 was selected as a cutoff to include only studies pertaining to older adults and to exclude studies conducted with children or young adults who likely present with different clinical risks and who may have different attitudes toward bone health. In the first stage, we divided 5145 citations among four team members (AS, MS, TD, SS), who worked in pairs to screen article titles and abstracts using the first two inclusion criteria, resulting in 171 potential articles. We reviewed the retrieved references and identified 61 additional citations for potential inclusion. In the second stage of review, three members (AS, MS, TD) reviewed 232 full text articles with all inclusion criteria. In both stages, a third person resolved disagreements and any remaining concerns were resolved by consensus among the group.
Quality Appraisal
We evaluated the quality of the included articles using the Critical Appraisal Skills Programme (CASP) Qualitative Checklist, a ten-item quality appraisal tool for qualitative research. 34 Items include the appropriateness of a study's design, recruitment processes, and data collection methods, the rigor of analysis and clarity of presented findings, and ethical considerations. Three members (TD, AS, SS) independently appraised the articles, and resolved any discrepancies by consensus. See Appendix 3 (online).
Analysis
To do the integrative work of metasynthesis, we analyzed the articles iteratively, which allowed for the development and refinement of codes and themes over time. First, we (AS, MS, SS) independently read and hand-coded three articles using an inductive open coding approach. For each of the first three articles, we met as a team to compare and refine codes, resulting in a consensus-derived codebook. Upon completion of hand-coding, we imported the articles into qualitative data management software program MAXQDA 12™ (VERBI GmbH) to facilitate the remaining analysis. We (AS, MS) then coded the remaining articles. After initial coding, two authors (AS, SS) independently reviewed the coded data to develop synthetic themes. The themes were reviewed and integrated through a consensus process, resulting in four overarching insights derived from the studies, summarized below.
RESULTS
Thirteen articles reporting on ten studies met the inclusion criteria and were analyzed. See Table 1 for a summary of study characteristics. Two research groups from Canada accounted for 8 of the articles. [35] [36] [37] [38] [39] [40] [41] [42] The remaining articles were from teams located in the USA (3), [43] [44] [45] UK (1), 46 and Denmark (1), 47 and all articles were published within the last 15 years. Two studies also interviewed provider participants; 44, 46 for the purposes of this analysis, only patient data were included. All articles were appraised at moderate to high quality, ranging in scores on the CASP qualitative quality appraisal tool from 7 to 10. See Appendix 3 (online).
Across the ten studies, a total of 265 people (231 women and 34 men) participated. See Table 2 . Participants were recruited through clinical settings, 35-37, 40-42, 44, 45 as part of larger randomized controlled study trials, 46, 47 from an osteoporosis patient group, 38, 39 or the community. 43 The majority of studies recruited only women. 40-44, 46, 47 At least 104 participants, from six studies with 159 total participants, had been diagnosed with osteoporosis. 36 Studies differed regarding their focus on patient attitudes toward DXA, bone health, and care delivery, with some focused on women's experiences of fractures and risk perceptions, [40] [41] [42] others more broadly investigating understanding of Number of focus groups conducted osteoporosis and osteoporosis care, [35] [36] [37] 39 and one examining men's experiences of osteoporosis. 45 One article's analysis examined patient health care-seeking behaviors, categorizing them as more or less effective Bconsumers^of health care, 38 and two framed their analysis in terms of barriers and facilitators to bone health care. 43, 44 The majority of authors reported on patient perspectives of bone health in terms of risk, screening, diagnosis, and treatment; two focused specifically on screening.
46, 47 Below, we synthesize the attitudes of participants across studies toward DXA, as well as participants' osteoporosis knowledge, and perceptions of providers and health care systems. We then summarize the authors' analyses, situating them within current theories of health behavior.
Attitudes Towards and Understanding of DXA
Participants articulated a range of attitudes toward DXA, variously describing DXA as an opportunity to Bestablish a baseline^4 1 or to reassure themselves about their bone health;
47 a means to explore concerns Babout their bones^3 8 or to seek diagnosis; 45 or a preventive measure to either avoid osteoporosis or slow its progression. 40, 42, 46, 47 Others noted concerns about DXA pertaining to (1) a perceived mismatch between their sense of well-being and DXA results indicating bone disease 41, 42, 46, 47 and (2) 
Role of Osteoporosis Knowledge in Bone Health Care
Participants expressed uncertainty regarding bone health and the etiology of osteoporosis, 36, 39, 43, 45 and some confused osteoporosis with osteoarthritis. 43, 44 Participants characterized osteoporosis as an often-inevitable condition of older women 35, 36, 40, 42-44, 46, 47 and in one study, explicitly downplayed its severity. 47 Interviewees perceived osteoporosis to be a relatively minor health concern compared to cancer or stroke, with one commenting that B[osteoporosis] isn't something you die of.^Interviewees reported Bhealthy^lifestyle behaviors, primarily diet and exercise, as factors that would preclude them from bone health risk, 42, 47 and many did not associate osteoporosis with fractures. 35, 36, [39] [40] [41] [42] [43] Those with fracture history described fractures as isolated, circumstantial events, and attributed falls to idiosyncrasies (e.g., poor footwear, bad vision, or distractedness) or environmental factors (e.g., weather, uneven sidewalks, or stairs). 35, 36, 40, 42, 43 The few participants who connected osteoporosis with fracture risk did not extend this to their own health history. 42 Information needs were addressed by some participants. Whereas some participants actively sought information from health care providers, 35 
Health Care Provider Role in DXA Utilization
Participants' descriptions of their health care encounters positioned primary care providers as having significant impact on patient knowledge, risk appraisal, and willingness to pursue DXA. Providers were seen as having the potential to offer either clarifying insight into participants' bone health or information that left participants confused. [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] Participants noted the potential of primary care providers, 35, [39] [40] [41] [42] specialists, [38] [39] [40] [41] nurses, 39 screening coordinators, 35 and other providers 39 to facilitate or discourage densitometry. Provider guidance was associated with bone health care in several studies. 35, 37-39, 42, 44, 45 In some cases, this guidance activated patients toward DXA, 35, 39, 44 as one recalled, BI just went [for a BMD] because she [physician] suggested I should go.^Yet, in nine articles, participants recalled provider guidance as a potential deterrent to DXA. 35, [37] [38] [39] [40] [41] [42] [43] 45 Examples of deterrence included providers failing to discuss bone health or downplaying the necessity of DXA, 35, [37] [38] [39] [41] [42] [43] instances where patients advocated for information themselves due to their perception that providers were pressed for time, 35, 37-39, 42, 45 inconsistent guidance across providers, 39 or encounters in which interviewees reported receiving poor bone health information. For example, in one study, men attributed delayed screening, diagnosis, and treatment to provider misconceptions. 45 Participants in another study described providers assessing bone health and dissuading them from DXA using characteristics such as a patient's weight, race, height, or age. 37 Health Care Delivery System's Role in DXA Utilization
Reflecting our selection criteria, none of the included studies focused on health care system influence. However, participants in a few studies mentioned access, cost, and available time as factors potentially affecting DXA use. 35, 38, 44, 46 Only in one article did respondents cite geographic access to DXA facilities to be potentially problematic for patients. 46 In another, participants described Bease of access^as a facilitator to DXA, although authors noted that this was Blikely because most of the study participants lived in a large urban area where many BMD [bone mineral density] testing clinics were available.^3 5 Although the authors of four articles reported participant responses concerning cost, the only discussion of cost as a potential barrier was in regard to pharmacological treatment. 35, [43] [44] [45] Participants did not express concern about insurance coverage for DXA, although the majority of studies were conducted in countries with national health insurance. 35-42, 46, 47 Synthesizing Patient Knowledge, Attitudes, and Behavior
In several analyses, authors drew upon existing models of health behavior to contextualize their findings, highlighting how participants' understandings of bone health motivated their actions, 35 , 36, 40, 43, 45, 47 and, in one article, proposed their own model of patient behavior that moves from awareness to potential action in the context of hip fracture. 35 Authors connected participants' osteoporosis knowledge and appraisal to information-seeking tendencies, dichotomizing participants into active and passive information seekers. 35, 38, 40, 42 Sale and colleagues discussed information-seeking behaviors as one element of a broader Beffective consumer^patient. 38 Across articles, patients who were active in seeking information were more likely to pursue screening and treatment, even without provider recommendations. Authors also reflected on the role of ageism and gender bias in participants' bone health beliefs. Edwards and colleagues noted that Bage bias plays a role in patients down-playing or denying osteoporosis prevention.^4 3 This ageism, an individual's perceived mismatch between their chronological age and their social age, was linked to inaccurate assessment of fracture risk, 41 a reluctance to taking medicines, 47 a reluctance to curtail activities or engage in fallavoidance strategies, 47 normalization of osteoporosis as an unremarkable aspect of aging, 40 and the apparent disconnection between living a self-described Bhealthy lifestyle^which precluded the possibility of also having poor bone health. 40, 42 Authors also identified the influence of participants' perceptions of osteoporosis as a condition particular to women, noting how a lack of information on osteoporosis among men affected how they understood the condition and its presentation in their own bodies 45 and suggesting that screening and treatment guidelines should revisit gendered inclusion criteria. 46 
DISCUSSION
We undertook this metasynthesis to evaluate what is known about patient views on DXA as a step toward designing bone health care delivery systems that can identify patients with suspected osteoporosis before they sustain a life-changing fracture. DXA is considered the Bgold standard^for clinical assessment of bone health, diagnosis of osteoporosis, and monitoring of fracture risk and treatment effects, but it remains underutilized across the spectrum of osteoporosis care. 12 Qualitative research on patient attitudes toward DXA is scant and most often pertains to the context of secondary fracture prevention. Existing evidence identified in this review suggests patients' beliefs regarding the role of DXA, osteoporosis severity, and the age and gender norms embedded in those beliefs can inform efforts to improve bone health care messaging and delivery. Given a lack of clear provider ownership of osteoporosis, 16, 17, 48 our findings reinforce the role primary care providers can play in informing patients and engaging them in appropriate decision-making about their bone health.
The Role of Primary Care in Engaging Patient Use of DXA
The findings of this review emphasize the centrality of primary care in the identification and treatment of osteoporosis.
After a fracture, patients largely relied upon the recommendations of their health care providers, and as other studies have found, 15, 49, 50 the reviewed studies reveal that significant knowledge gaps remain among this workforce. Patients reported that providers downplayed the importance of DXA and patients' concerns about their bone health. 35 Indeed, the coincidence of social norms which define proper patient behavior as being acquiescent to provider recommendations for tests and medications, with an underlying confidence in health care providers and systems to identify medically necessary diagnostic techniques at the appropriate time, means that the likelihood of receiving a DXA is significantly dependent upon whether their health care provider clearly articulates both the relationship between fracture and bone health and the importance of monitoring bone density. While patients may also experience transportation, cost, and time barriers to DXA, participants reported the facilitative role of nurses and screening coordinators, when available, in accessing DXA.
These findings reinforce the importance of ongoing efforts to improve health care delivery systems. Given the modest effects of provider-based interventions, 51 however, this review underscores the need for strategic interventions to also target patients. Regardless of primary care expertise, practitioners cannot compel patients to report for DXA or initiate pharmacotherapy if patients do not attribute fracture to osteoporosis or consider osteoporosis to be a significant health concern, a phenomenon noted by others. 52, 53 While participants in these studies on the whole were receptive to DXA and many had undergone post-fracture imaging, they demonstrated limited knowledge of DXA and its role in bone health management. Poor patient knowledge is compounded by reported inconsistent provider messaging and misinformation, reinforcing a point made by others regarding the importance of clinical ownership of bone health care. 54 Participant descriptions of osteoporosis revealed significant age and gender biases. These perceptions threaten willingness to engage in bone health care by decreasing patient assessment of personal risk and contributing to the stigma of a potential diagnosis.
Strengths and Limitations
As in any metasynthesis, the potential exists that we have missed useful research in our search, especially reports which appear in non-peer-reviewed publications or are indexed elsewhere. In addition, the studies that we reviewed had certain limiting factors. The majority of studies were from countries with national health care systems, whose barriers may differ from what is experienced by patients in other settings. Also, few data were reported on barriers experienced by men, and their barriers likely differ from those faced by women. Moreover, despite increasing attention to the Bcrisis^in osteoporosis care, we were unable to identify research to directly inform the larger discussion of how to improve DXA utilization outside of the context of post-fracture care. At the same time, this apparent limitation is also a study strength, as the metasynthesis identifies a bias in the field. Published qualitative research emphasizes the role of DXA in secondary fracture prevention, eliding the screening and monitoring component as solely a means to treatment rather than as a critical component of bone health care in its own right. Thus, while the metasynthesis in some ways echoes others' calls for attention to primary care provider and patient knowledge gaps, the metasynthesis uniquely highlights the need for future research into patients' attitudes toward DXA in primary fracture prevention.
Broadening the Research Agenda to Include Primary Fracture Prevention
Our metasynthesis reveals the need for research focused on primary fracture prevention through early identification and intervention. Secondary fracture prevention was the explicit research context for seven studies accounting for ten articles included here. [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] In part, this may be an artifact of study recruitment and access to participants. Recruitment occurred primarily through specialty clinics, 35-37, 40-42, 44, 45 as part of randomized clinical trials to improve osteoporosis care, 46, 47 or through an osteoporosis patient group. 38, 39 Studies also had high rates of DXA (78% among those reporting), osteoporosis diagnoses (65% among those reporting), and treatment use (45% among those reporting). Participants such as these might be able to retrospectively evaluate barriers to initial screening or speculate on potential barriers others might face. However, they are not representative of fracture-naïve patients and their experiences, attitudes, and behaviors.
CONCLUSION
Interventions to address the crisis in bone health care have largely focused on secondary fracture prevention, likely due in part to the ability to leverage fracture as a teachable moment to activate patients and providers in an effort to close the treatment gap. While these measures help to prevent subsequent fractures, to successfully address the care crisis, primary fracture prevention measures in primary care settings using DXA to identify at-risk patients before fracture are warranted. In parallel, we advocate for research examining patient experiences of and barriers to DXA beyond the secondary fracture prevention context to illuminate the gaps among risk assessment, knowledge, and provider interaction that lead to underutilized bone health care.
